Fushi-tarazu Factor-1 (FTZ-F1) is a family of nuclear receptors involved in various developmental processes. We have cloned a zebrafish FTZ-F1 gene, termed ff1, which belongs to the fetoprotein transcription factor\liver receptor homologue-1 (FTF\ LRH-1) subgroup of the FTZ-F1 family. Four transcripts arise as a result of differential promoter usage and alternative splicing at the 3h-most exons. The longer transcript, form A, encodes a transcriptional activator. The shorter transcript, form B, lacks the activation domain, and hence could not activate transcription. The difference in promoter usage generates FF1 proteins with different N-terminal sequences. All four transcripts appear to be
INTRODUCTION
Fushi-tarazu Factor-1 (FTZ-F1) was first found to be the transcription factor that activates the ftz gene in Drosophila, and was subsequently named as such [1, 2] . Many FTZ-F1 homologues have been found in mouse, human, zebrafish and Xenopus [3] [4] [5] [6] [7] . These FTZ-F1 homologues contain a conserved sequence adjacent to the C-terminal end of the zinc-finger motif, termed the FTZ-F1 box [2] . In addition, they belong to the nuclear receptor superfamily, most members of which can activate transcription when bound to their ligands [8] . FTZ-F1 belongs to the orphan receptor family, which does not have known ligands, but can activate transcription [9, 10] . Unlike other members in the nuclear receptor superfamily, which often dimerize and recognize the GGTCA sequence as direct or inverted repeats, FTZ-F1 binds to the monomeric (A\T)CAAGG(A\T)C(C\G) sequence [11] . Many nuclear receptors activate transcription via an activation domain, AF-2, located at their C-terminus. Some of the FTZ-F1 members do not have this activation domain ; they therefore serve as repressors of transcription [6, 12] . Since these nuclear receptor proteins control many important developmental and physiological processes, it is imperative to understand their control mechanism.
Two forms of the Drosophila ftz-f1 gene products, named α and β, have been identified. ftz-f1α is maternally expressed and distributed in the early embryo [1] , whereas ftz-f1β is zygotically expressed and present in the late embryo and early pupal stages [13] . Both forms play a role in ecdysone-induced gene expression [14] .
Xenopus also has two ftz-f1 genes [3] , of which the gene products, xFF1rA and xFF1rB, are probably the orthologues of Abbreviations used : FTZ-F1, Fushi-tarazu Factor-1 ; ff1, zebrafish gene homologue of the FTZ-F1 family of nuclear receptors (the corresponding protein product is FF1) ; FTF, fetoprotein transcription factor ; LRH, liver receptor homologue ; ELP, embryonal long terminal repeat-binding protein ; SF1, steroidogenic factor 1 ; 5h-RACE, 5h-rapid amplification of cDNA ends ; RT, reverse transcriptase ; CAT, chloroamphenicol acetyltransferase ; LG22, linkage group 22.
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expressed in most of the adult tissues, whereas, during embryo development, the IIA form is the predominant transcript. Reverse transcriptase-PCR and in situ hybridization experiments showed that the ff1 transcript is expressed in the hypothalamus, spinal cord, mandibular arch and digestive organs, including pancreas, liver, and intestine. The expression of ff1 in the digestive organs implies its function in gut development.
Key words : fetoprotein transcription factor (FTF), gut, liver receptor homologue (LRH), nuclear receptor, steroidogenic factor 1 (SF1).
mouse liver receptor homologue (LRH)-1. In addition to the full-length cDNA, another shorter gene product with a Cterminal deletion, termed ' xFF1rA-short ', was also isolated [12] . xFF1A-short is present at a lower concentration, and lacks the transactivation function. In humans, different FTZ-F1 homologues exist. One is hB1F, which is expressed in the hepatocyte and can bind and activate enhancer II of hepatitis B virus [15] . Various mouse FTZ-F1 homologues have also been reported. Among them, steroidogenic factor 1 (SF1) and embryonal long-terminal-repeat binding protein (ELP) have overlapping transcription units, which share most exons, but have their own promoters and are differentially spliced [16] . SF1 is expressed mainly in the adrenal, testis, ovary, pituitary gonadotroph and some regions of the brain [17] . It plays an important role in the development of the above cell types and transactivation of a number of genes involved in steroidogenesis and other endocrine functions. ELP is found in embryonic carcinoma cells, with an as-yet-unidentified physiological function [18] .
Another FTZ-F1 homologue in the mouse is termed LRH-1 [19] . LRH-1 and SF1 are very similar in the DNA-binding domain, but more divergent in the ligand-binding domain. Therefore there are at least two different ftz-f1 genes in the mouse. LRH-1 is expressed mainly in the liver, but its function is still not clear at present. In the rat, the LRH-1 orthologue is termed FTF (fetoprotein transcription factor), a transcription factor for the α1-fetoprotein gene [20] . Rat FTF is expressed mainly in the gut endodermal cells, including liver and pancreas [20] . On the basis of the expression pattern, it may be inferred that FTF functions during differentiation of gut endodermal cells.
In zebrafish, we have cloned an ftz-f1 homologue named ff1 [6] , or NR5A2, according to the new nomenclature [21] (the protein products are designated as FF1 proteins). In the present report we describe our characterization of the zebrafish ff1 gene. We found that the ff1 gene is differentially spliced, resulting in an active A form and an inactive B form. In addition, it contains two separate promoters, resulting in differential utilization of exons at the 5h-region. Although both promoters are used in most of the tissues examined, the downstream promoter is preferentially used during embryonic development. In situ hybridization experiments showed that the ff1 transcript was found in the brain, spinal cord, mandibular arch and digestive organs. This expression pattern implies the functional importance of ff1 in the development of digestive organs.
MATERIALS AND METHODS

Isolation of genomic clones and DNA sequencing
Genomic clones containing the ff1 gene were isolated from a zebrafish genomic DNA library using FF1 cDNA fragments as probes. Four clones (nos. 36, 48, 55 and 37) were further analysed. The exons and introns in these clones were identified by either PCR amplification of the λ-phage lysate with exonspecific primers or hybridization with specific end-labelled oligonucleotides. The fragments spanning exon-intron boundaries were either sequenced directly from λ-DNA or subcloned into pCRII vector (Invitrogen, San Diego, CA, U.S.A.), followed by sequencing. Introns 1, 2 and 3 were fully sequenced. 
Primer extension and 5h-rapid amplification of cDNA ends (5h-RACE)
Antisense oligonucleotides, F57 (AGTCTTTGCAGTCAC GTTGTCCT) and F62 (GTGGTCTTTGCAGTGACTATG-ATG), were used for mapping the transcription-start sites on exon 1 and exon 2 respectively. Oligonucleotides were endlabelled with [$#P]ATP, and annealed to 50 µg of total RNA at 50 mC overnight before extension reactions, as described previously [22] . The sequencing of the genomic fragment using the same primers was performed in parallel, and the reaction products were resolved by sequencing gels. Transcription-start sites were confirmed by 5h-RACE [23] , followed by cloning and sequencing of the amplified fragments.
Reverse transcriptase (RT)-PCR and Southern-blot hybridization
RT-PCR and Southern-blot hybridization procedures were carried out as described previously [24] . The locations of the primer pairs 44\47, 24\47, 4F1\7R1 and 4F1\78 for the amplification of exon 1, exon 2, form A and form B cDNA respectively, are shown in Figure 1 . Their sequences are as follows : 44, AGGACAACGGACTG CAAAGACT ; 24, GGACGGCGTT-TTTGAGAATCTGTGGTG ; 47, CATGCTGACTGGTG AATGTACGA ; 4F1, AATGTGCAAGATGGCTGACCAG ; 78, GATGCCAGACTAG TCACGTCT ; and 7R1, CACATC-ACGTAGTCCAGCAGTG.
Computer analysis
DNA sequences were analysed with the Wisconsin Sequence Analysis Package of GCG. The BLAST program was used to compare the zebrafish FF1 amino acid sequences with GenBank 2 and EMBL databases [25] . Multiple sequence alignments and phylogenetic trees were generated with the UPGMA method in SeqWeb (http :\\www.nhri.org.tw\b5\mis\seqweb.htm). Both TESS and MatInspector programs in the BCM launcher were used to search for potential transcription-factor binding sites [26, 27] . Photographs of embryos and sections were scanned and processed using the Adobe Photoshop program.
Whole-mount in situ hybridization and sectioning
Adult zebrafish and embryos were reared at 28.5 mC, as described previously [28] . Sense and antisense RNA probes were synthesized by in itro transcription from linearized plasmids containing FF1 cDNA fragments using T7 RNA polymerase and digoxigenin\RNA-labelling mix. Whole-mount in situ hybridization was carried out as described previously [28] . After in situ hybridization, embryos were washed in 0.1 % (v\v) Tween 20, stored in 4 % (w\v) paraformaldehyde, and photographed in 80 % (v\v) glycerol. Embryos were washed in PBS and embedded in 1.2 % agarose\5 % sucrose (w\v) prior to cryosectioning, as described previously [28] . Frozen sections were stained with Nuclear Fast Red.
Analysis of the activation function of FF1
The full-length FF1A protein (amino acids 1-516) and subsequent deletion fragments were obtained by PCR based on the original FF1 cDNA plasmid [6] . Primers used for the C-terminal deletion constructs were as follows : AAGAGAATTCTCAG-GGCACGTCTCCGTTCAGGTGT(1-501) ; AGTGAATTCG-CCCGGATCAAGGCTTTCT (1-155). The primer used to obtain the N-terminal deletion clones (43-516 and 43-434) was GACGGATCCATGGATGAGATGTGTCC (∆1-43). Deletion clone 1-434 was equivalent to the FF1B ORF (where ORF is open reading frame). Restriction enzyme sites at both ends were introduced, so that the resulting DNA fragments could be cloned into the pcDNA3 expression vector (Invitrogen), and stop codon sequences were located in each lower primer for PCR. HeLa cells were chosen for the transient transfection analysis, and consensus gonadotrope-specific element (GSE)-TATA-CAT (where CAT is chloramphenicol acetyltransferase) containing the FF1 recognition site was used as a reporter [6] . Expression plasmid (1 µg), 5-10 µg of CAT reporter plasmid and 1 µg of pCMVβ-LacZ plasmid (as an internal control) were included in each transfection (60-mm dish). CAT and β-galactosidase activities were determined as described previously [29] .
RESULTS
Genomic organization and multiple forms of the zebrafish ftz-f1 gene
We first isolated zebrafish ftz-f1 A-and B-form cDNAs, which are identical in sequence in most regions, but have distinct sequences at their 3h-ends [6] . To characterize the genomic structure and splicing pattern of the ftz-f1 (ff1) gene, we screened a zebrafish genomic library with FF1A cDNA fragments. Four clones (nos. 36, 37, 48 and 55) were isolated, which mutually covered the entire ff1 gene ( Figure 1A ). The zebrafish ff1 gene consists of eight exons interrupted by seven introns. All exonintron junctions follow the ' GT…7AG ' rule for the splice donor and acceptor sites ( Table 1 ). The A-and B-form mRNAs result from alternative splicing at exon 7. In form A, exon 7a is spliced to exon 8. The form B mRNA retains exon 7b, so that the mature mRNA is terminated at exon 7b. In addition to the 3h mRNA variants, RT-PCR and cDNA sequence analysis revealed the presence of two leader exons. Transcription starting at exon 2 is spliced to exon 3, whereas transcription starting at exon 1 skips exon 2 and is spliced directly to exon 3.
Therefore alternative promoter usage and splicing of the zebrafish ff1 gene give rise to four mRNA variants, designated as IA, IB, IIA and IIB respectively ( Figure 1B ). Exons 3, 4, 5, 6 and Figure 1B) . Exons 3, 4, and part of exon 5 encode the C domain, which contains two zinc-finger motifs and the FTZ-F1 box. Most of exon 5 encodes domain D (hinge region). The 3h region of exon 5, together with exons 6, 7a and 8 encode the E domain (ligand-binding domain), which contains the AF-2 core. Exon 7b encodes only two amino acids before it runs into a stop codon. Consequently, exon 1 and exon 2 transcripts produce distinct FF1 proteins with different A\B domain sequences. The A-form transcripts produce full-length FF1, whereas the B-form transcripts produce C-terminal-truncated FF1 lacking AF-2.
The transcription-start sites for both leader exons in the liver of adult zebrafish were mapped further by primer extension and 5h-RACE. One major start site in exon 1 was found approx. 222 bp upstream from the 3h-end of exon 1 (Figures 2A and 2B) . Although there were two minor bands above and below the major primer-extension product ( Figure 2B ), they could not be confirmed by 5h-RACE. The start site of exon 2 was mapped to 351 nt upstream from the 3h-end of exon 2 (Figures 2A and 2B) . The same transcription-start sites were also identified in brain, ovary and testis RNA (results not shown). Scanning the 5h-flanking sequences for putative transcription-factor binding sites, we found sequences flanking exon 1 that will bind XFD2 (Xenopus fork-head domain factor 2), SN (Snail), MyoD, GATA1 and SOX5, and sequences flanking exon 2 that will bind BRN2 (Brain 2), hepatic nuclear factor-3 (HNF3) and S8 (homeoprotein S8) (Figure 2A) .
Properties of different forms of the ff1 gene products
We have shown that alternative promoter usage and splicing generate FF1 forms with different A\B domains and C-termini. To determine whether different A\B domains and C-termini could lead to differences in the transcriptional activities of various forms of FF1, a series of N-terminal and C-terminal 32 P-labelled antisense oligonucleotide was hybridized to liver total RNA and extended with RT, as described in the Materials and methods section. The same primer was used in the dideoxynucleotide-sequencing reactions on a plasmid containing the exon 1 or exon 2 sequences. The primer extension product and the sequencing reactions were separated on a sequencing gel, and detected by autoradiography. The asterisk denotes the transcription-start nucleotide in the lower strand, and the arrows highlight the primer-extension products. Zebrafish ff1 structure and expression
Figure 3 Analysis of FF1 domain function for transcriptional activation
The structure of the effector plasmids are shown on the left (Figure is not to scale) , with the numbers indicating the beginning and end of the effector molecules. The effect of deletion clones were examined with a co-transfection study in HeLa cells. The reporter construct is a sGTHIIβ gene k39 basal promoter linked to the CAT gene, with a consensus GSE sequence 5h upstream (consGSE-TATA-CAT). Basal value represents the activity of the consGSE-TATA promoter without transcription-factor co-transfection. All histograms represent the meanspS.E.M. of at least two independent experiments (in duplicate or triplicate).
Figure 4 A phylogenetic tree of FTZ-F1-related proteins
The zebrafish FF1 protein falls into the group of FTF/LRH-1 proteins. The DDBJ/EMBL/GenBank 2 accession numbers of the proteins included in the tree are : dFTZ-F1 (M63711), dFTZ-F1 (M98937), bAd4BP/SF-1 (D13569), hAd4BP/SF-1 (U76388), pSF-1 (U84399), mELP3 (AB000490), cAd4BP/SF-1 (AB002404), mdFTZ-F1 (AB016834), mLRH-1 (M81385), rFTF (U47280), hFTF (U93553), hFTZ-F1 (AB019246), hB1F (U80251), cFTF/LRH-1 (AB002403), xFF1rA (U05001), xFF1rB (U05003), zFF1 (AF014926), tFZR1 (AB006153). d, Drosophila ; b, bovine ; h, human ; p, pig ; m, mouse ; c, chicken ; md, medaka ; r, rat ; x, Xenopus ; z, zebrafish ; t, trout. deletion constructs were tested (Figure 3) . In co-transfection experiments, the removal of the AF-2 region resulted in a significant loss of the transcriptional activity of FF1A (as seen in clone 1-501). Proteins with clone 1-434 (equivalent to zFF1B) and 1-155 yielded a transactivation potential similar to that of clone 1-501. These data suggest that AF-2 is critical to the activation function of FF1A, and FF1B is transcriptionally inactive. N-terminal truncation of the A\B domain of FF1A (clone 43-516) did not change the transactivity of FF1A. The activity of FF1A was drastically lowered only when the AF-2
Figure 5 Tissue and developmental expression patterns for zebrafish FF1 mRNA variants
RT-PCR was performed using primers specific for different isoforms of the ff1 mRNA, followed by Southern-blot hybridization. Actin amplification was used as a reference for the amount of total RNA input in the analysis. (A) Expression of FF1 mRNA variants in various adult tissues. B, brain ; H, heart ; L, liver ; I, intestine ; O, ovary ; T, testis ; M, muscle ; E, eye. (B) Developmental expression of FF1 exon II, A form, and B form mRNA. C, cleavage ; B, blastula ; G, gastrula ; S, segmentation ; P, pharyngula ; H1, H4, H11 and H28, 1, 4, 11 and 28 days after hatching respectively ; A, adult.
and A\B domains were simultaneously deleted (clone 43-434). Therefore the A\B domain of FF1 is not directly involved in the transactivation of its target genes. 
Zebrafish FF1 is a member of the vertebrate FTF/LRH-1 family
To understand the link between zebrafish FF1 and other FTZ-F1-related proteins, multiple-sequence alignments and phylogenetic analysis were performed. Compared with other FTZ-F1-related proteins, zebrafish FF1 shares higher identity (78-84 %) with the frog (xFF1rA, xFF1rB), chicken, murine and human FTF\LRH-1 proteins than with the chicken, murine, bovine and human Ad4BP\SF-1 (58-66 %). Phylogenetic tree analysis shows that the vertebrate FTZ-F1-related proteins can be divided into two subgroups (the Ad4BP\SF-1 and FTF\LRH-1 subgroups) , where zebrafish FF1 protein falls into the subgroup of FTF\ LRH-1 (Figure 4) . Therefore it should be assigned with the name NR5A2, according to the new nomenclature [21] .
Spatial and temporal expression of FF1 mRNA variants
To examine the expression profiles of FF1 mRNA variants, RT-PCR was performed to detect their expression in various adult tissues and developmental stages ( Figure 5) . ff1 was expressed in many tissues, including brain, liver, intestine, muscle, eye and gonads. All four mRNA variants were similarly expressed in these tissues with some quantitative variation, with the exception that exon 1 transcripts appeared to be missing in the brain. During development, exon 2 and form A transcripts were first detected in the segmentation stage and expression continued through the pharyngula, larval and adult stages ( Figure 5B ). Form B transcripts were expressed at low levels in the embryonic and larval stages, whereas exon 1 transcripts could only be detected after amplification with more cycles (results not shown).
Whole-mount in situ hybridization was performed to probe further the site of ff1 expression during early development. Strong signals were detected only when probes specific for exon 2, form A or common to all regions were used for hybridization. No signal was observed in embryos hybridized to RNA probes specific for either exon 1 or the B form transcripts (results not shown). This result was consistent with the results of RT-PCR, in which transcript IIA was the major form expressed in early zebrafish development. Whole-mount in situ hybridization revealed ff1 transcripts in the developing hypothalamus, mandibular arch, spinal cord and gut derivatives, such as intestine, pancreas and liver ( Figure 6A ). Sectioning of whole-mount embryos confirmed further that ff1-expressing cells were located in the hypothalamus, neurons of spinal cord, mandibular arch, liver and exocrine cells of pancreas ( Figures 6B and 6C) . Zebrafish GATA-5 [30] , used as a marker for liver and pancreatic exocrine cells, showed a similar expression pattern in the gut derivatives (results not shown).
DISCUSSION
In this report, we analysed the zebrafish ftz-f1 (ff1) gene structure and expression. We showed that the presence of two promoters and alternative splicing of the ff1 gene results in four transcripts encoding proteins with different N-and C-terminal sequences. Alternative splicing at the 3h-end generates transcription factors with opposite functions, whereas differential promoter utilization does not produce an apparent effect on protein function in our assay system. These transcripts are similarly expressed in many adult tissues. During embryogenesis, however, there exists only a major transcript, IIA. IIA transcripts are detected mainly in brain and gut derivatives during embryonic development, thus implying that they function in the development of these cell lineages.
The zebrafish ff1 gene belongs to the FTF\LRH-1 subgroup in the FTZ-F1 family of the nuclear receptor superfamily. This conclusion is on the basis of two lines of evidence, i.e. sequence comparison studies and the pattern of gene expression. Our phylogenetic analysis studies have shown that the vertebrate FTZ-F1 family can be divided into the Ad4BP\SF-1 and FTF\LRH-1 subgroups (Figure 4 ). These two groups have probably arisen by gene duplication specific to the vertebrate lineage [3] . Zebrafish FF1 falls into the subgroup of vertebrate FTF\LRH-1 because its sequence in several regions, including the D box in the second zinc finger, region II, region III and helical segments H9 and H10 in the C-terminus, is more similar to that of FTF\LRH-1 than that of Ad4BP\SF-1.
The zebrafish ff1 gene is located on linkage group 22 (LG22) [31] . The only other known gene in this linkage group is the zebrafish SCL gene [31] . Another human FTF\LRH-1 subgroup member, B1F [15] , and the human SCL gene [32] are both located on chromosome 1. It is commonly observed that chromosome segments are conserved across species, i.e. when genes on one chromosome segment are linked, they are also often linked on the chromosome from a different species [31] . Although it may be coincidental, the linkage of these two genes on both zebrafish and human chromosomes could indicate similarity between zebrafish LG22 and human chromosome 1. To date, very few genes have been mapped to zebrafish LG22. When more genes are mapped, the possibility of conservation between LG22 and human chromosome 1 can be further evaluated.
Zebrafish ff1 is highly expressed in many tissues, but mainly in gut derivatives such as liver and pancreas, as shown by RT-PCR and in situ hybridization. This strong hepatic or pancreatic expression is also found for genes of the FTF\LRH-1 subgroup [3, 15, 20, 33] , but not for the Ad4BP\SF-1 genes, which are expressed primarily in adrenal glands and gonads [4, 16, 34] . Therefore both phylogenetic and expression pattern analyses lead to the assignment of zebrafish ff1 to the FTF\LRH-1 subgroup.
Since most vertebrates have ftz-f1 genes belonging to both Ad4BP\SF-1 and FTF\LRH-1 subgroups, zebrafish should also have its members in both subgroups. Because zebrafish chromosome segments are often duplicated [31] , it is possible that the zebrafish ftz-f1 genes are also duplicated ; therefore more than two ftz-f1 genes could be present. Consistent with our prediction, many ftz-f1 cDNA fragments have been isolated in zebrafish (D. Liu and C. L. Hew, unpublished work).
Zebrafish FF1 mRNA is expressed in the developing gut, liver and pancreas. It implies that ff1 may function in these gut derivatives. Supporting this hypothesis, the FF1 homologue, human B1F, functions as a hepatocyte transcription factor to activate hepatitis B virus enhancer [15] . Rat FTF has been shown to activate α1-fetoprotein transcription in liver cells [20] . Furthermore, the locations of zebrafish ff1 expression in the gut derivatives are the same as those of zebrafish GATA-5 expression ( [30] ; W.-w. Lin, unpublished work). Thus the co-localization with zebrafish GATA-5 suggests that the function of FF1 might be related to the action of GATA-5 in the development of gut derivatives. The mouse GATA-5 homologue, GATA-6, is required for the differentiation of visceral endoderm [35] . Consistent with the notion of expression in gut derivatives, we found sequences in the 5h-flanking region of the ff1 gene that will bind the gut-enriched transcription factors HNF-3 (hepatic nuclear factor-3) and GKLF (gut-enriched Kruppel-like factor). In addition, consensus sequences that will bind brain transcription factor BRN2, gonad factor SOX5, and factors related to early embryogenesis, such as MyoD, XFD2 and Snail, are also present in this region. Whether these sites function in the transcription of the gene remains to be elucidated.
Apart from the gut derivatives, we also detected ff1 mRNA in the mandibular arch, and neurons in the spinal cord and hypothalamus ( Figure 6 ). The significance of ff1 expression in these sites is not yet clear. One possible link is that the formation of hypothalamic nuclei is known to require SF-1 [36] . It remains to be elucidated whether ff1 plays a role similar to that of SF-1 in the development of the hypothalamus. It is also possible that other uncharacterized Ad4BP\SF-1 family members are important for the development of the hypothalamus.
To date, ff1 is the only member of the FTF\LRH-1 subgroup for which the gene structure has been characterized. Its structure is very similar to the genes in the Ad4BP\SF-1 subgroup [5, 16] . This suggests that the gene structure in the ftz-f1 family is conserved. Multiple promoter usage and alternative splicing are common features shared by members of the ftz-f1 family [5, 16] , which generate protein diversity and allow for regulation of gene expression at multiple levels. All four forms of FF1 mRNA variants are expressed similarly in the gut derivatives and gonads, except in the brain, where only exon 2 transcripts are detected ( Figure 5 ). We also detected predominant expression of exon 2 and A form transcripts during early development. This suggests that promoter 2 is probably used preferentially, and the fulllength A form receptor rather than the truncated B form prevails to exert its activation function in early development.
Exon 1 and 2 transcripts encode FF1 proteins with different A\B domains (Figure 1 ). The A\B domain usually contains the AF-1 function important for ligand-independent transactivation through interaction with other co-factors [8, [37] [38] [39] . We show that the A\B domain does not contribute towards transcriptional activity in HeLa and COS-1 cells, both of which do not normally express FF1 (Figure 3 ; also D. Liu, unpublished work). However, we cannot exclude the possibility that the A\B domain may play a role in some tissues where appropriate cofactors are present. Since the brain expresses only exon 2 transcripts, it might imply the existence of functions specific to the brain.
Compared with the mouse ftz-f1 gene, there is a difference in the 3h alternative splice site. Zebrafish ff1 is alternatively spliced at exon 7, whereas mouse ftz-f1 is at exon 6 [16] . This results in proteins truncated at different positions. Alternative splicing at exon 7 generates FF1A and FF1B, which function differently in their transactivation potential. FF1B retains regions II and III important for DNA binding [12] , but loses the ability to transactivate. Therefore it could be a transcriptional repressor by competing for DNA binding [6] . Other 3h-splicing variants, like mELP1 and xFF1rA-short, lack region III and therefore bind DNA at a reduced efficiency. High amounts of these short forms are required to achieve the dominant negative effect in itro [12] .
